Potassium (K) and boron (B) are essential nutrients for plant growth, yield and quality, for their roles as enzymes activities and for sugars and carbohydrate transport as well as the synergetic relationship between them. In addition, plants that are large consumers of K require B levels greater than 20 ppm in the tissue to accomplish this. Also, to achieve or maintain maximal maize yields, supplemental K and B fertilization is often required, particularly on soils testing low for native available soil K and B. So, two field experiments were carried out during the two successive summer growing seasons of 2015 Results demonstrated the importance of potassium and boron fertilization for maize crop yield and its quality under the present conditions. Results showed that addition of K fertilizer rates as soil and/or foliar with boron increased maize grain yield, its components and quality. N, P, K and B concentrations and uptake in both stalk and grain were also significantly increased. Yet, interactions among K fertilization rates and foliar applied B significantly increased grain and stalk yields as well as grain contents of carbohydrate and oil. The highest grain and stalk yields (3700 and 5369 kg fed -1 , respectively) were recorded by the interaction of K 4 ×B 2 without significant differences between it and the yields recorded by the interactions of K 3 ×B 2 or K 6 ×B 2 . N, P, K and B concentrations or uptake in grain and stalk increased with interaction between K and B, but these increases were only significant for K and B. On the other hand, economic evaluation of the studied treatments illustrated that the treatments of K 6 (24 kg K 2 O fed -1 +foliar applied 2% K 2 O) and K 3 (36 kg K 2 O fed -1 ) with foliar applied 50 mg B L -1 were the most profitable since they achieved the optimum maize grain yield under this study conditions.
INTRODUCTION
Maize is one of the most important cereals in Egypt that ranks the third after wheat and rice. It is used as a human food and animal feed. Maize is also considered a source of carbohydrate that used as food; in livestock diet, in the textile industry and also in the pharmaceutical industry. Moreover, maize is used in the manufacture of starch, gluten, corn oil, corn syrup, sugar, corn meal and corn flour.
Potassium (K + ) is one of the major nutrients considered essential for crop growth and yield development, although it is not an integral component of any cellular organelle or structural part of the plant. It is the most abundant cation in plants and is associated or involved with many physiological processes supporting plant growth and development. Water relations, photosynthesis, assimilate transport and enzyme activation all can be impacted by potassium (Mengle and Kirkby 2001 and William 2008) . Potassium is also involved directly or indirectly in plant protein metabolism (Blevins 1985) . The total amount of potassium absorbed by the crop during the growing season depends upon the crop species, the amount of native soil K + , the amount of fertilizer K applied, K availability in the soil, the environmental conditions during the growing season and the management practices employed (Mullins and Burmester 1998 and Mengle and Kirkby 2001) .
Aswan Governorate is one of the governorates of Egypt that is the southernmost governorate in Upper Egypt (23.59° N 32.82° E). Aswan has a hot desert climate. Averages high temperatures are consistently above 40 °C during summer (June, July, August and also September) while averages low temperatures remain above 25 °C. The climate of Aswan is extremely dry year-round, with less than 1 mm (0 in) of average annual precipitation (internet site: Aswan-WIKIPEDIA-2016, the free encyclopedia). With continuous planting crops that consume or require large amount of K and other nutrients such as sugar cane declined soil fertility especially their contents of K, B and other micronutrients, being limiting factors for yield and its quality; as well as sustainable soil fertility and its crops production.
Numerous studies have shown that K mitigates the adverse effects of salinity and drought on plant growth. In this respect, Marschner (1995) and Sanjakkara et al. (2001) showed that application of K reduces the adverse effects of salinity through its role in stomata regulation, energy status, charge balance, protein synthesis and homeostasis. Also, Cox (2001) showed that potassium consumption distinguish the corn roots to develop well and have powerful enough to absorb water from the soil. Therefore, potassium increased resistance capacity against drought that increased growth of corn plant. Wiebold and Scharf (2006) showed that potassium regulates stoma closure and prevents water wasting, regulats osmosis, increases water use efficiency and improves growth condition in corn under drought. Zhang et al. (2014) illustrated that K mitigate the adverse effects of drought stress; through increasing dry matter across all growth stages and maize grain yield. Additionally K application increased relative water content, nitrate reductase activity, and concentrations of K ion, free proline and soluble protein in both maize cultivars.
Concerning the effect of potassium on maize growth and yield, many researchers reported that maize yield responses to K fertilization (Heckman and Kamprath 1992; Mallarino et al., 1999 and Ebelhar and Varsa 2000) . Allan et al. (1998) demonstrated that maize hybrids differ in K uptake efficiencies, with the more efficient K-uptake hybrid was also being the highest yielding. Tabatabaii, et al., (2011) found that application of potassium sulphate fertilizer under drought stress condition increased grain yield and 1000-grain weight up to 200 kg K/ha (84 kg K fed -1 ). Moreover, Ahmad et al., (2012) found that application of K levels (0, 40, 60, 80 and 100 kg K/fed) to maize hybrids (pioneer 3012, pioneer-3062, pioneer-30D55) increased potassium use efficiency (KUE) significantly at all levels over control, and the highest KUE was 2.77 kg yield/kg K at K-level 80 kg/fed. In a field study (at middle texture soil, pH 6.18 and medium available K content-184 ppm), Radulov et al., (2012) showed that high doses of K and phosphorous (150 kg K 2 O and 150 kg P 2 O 5 /ha) on plots pre-fertilized with small and fairly large amounts of nitrogen (0 and 50 kg/ha) led to increased level of starch in the grains of corn. Abd ElRheem et al., (2015) found that increasing K fertilization (40-60 kg K 2 O/fed) had a positive effect on increasing maize growth and yield parameters and this effect was more pronounced as the P fertilization level (40, 60 and 80 kg P 2 O 5 /fed) increased.
Boron is one of the 6 essential micronutrients, i.e. Fe, Mn, Zn, Cu, B and Mo. Uptake of B by plants correlates well with hot water soluble B extracts of soils. Boron deficiencies occur over a much wide range of soils and crops. These deficiencies are mostly found in light soils, low organic matter contents and high soil pH levels (Mengel and Kirkby, 2001) . Boron affects at least 16 functions in plants. These functions include: cell wall structure, membrane stability, sugar transportation and phenol, carbohydrate, nucleic acid and IAA (indole acetic acid) metabolism; pollen germination, flowering and seed development (Marschner, 1995 , Brown et al., 2002 and Wang et al., 2003 .
Many studies also showed the importance of supplemented boron. Li and Liang (1997) reported that improved growth and high quality yields were attained when crops were supplied with B. Hamzeh and Florin (2014) showed that foliar application of B single or shared with other micronutrients at different growth stages have been shown to be effective in efficient consumption of B by wheat and thus increase grain sitting and increase grain yield, number of grains per spike and thousand grain weight. Mekki (2015) showed that foliar application of 300 and 600 ppm B as boric acid increased sunflower yield and seed quality, whereas the highest values of seed yield, head diameter, number of seeds/head, weight of 1000 seed, percentage of oil and oil yield plant -1 were attained at 600 ppm B. Boron and potassium have a synergetic relationship between them; it is clear from its roles at sugar and carbohydrate transport (Mengle and Kirkby 2001) . Also, plants that are large consumers of potassium require levels of boron greater than 20 ppm in the tissue to accomplish this. Yet, heavy users of potassium in the bulking stage of production will require boron levels in the tissue in the range of 60 to 80 ppm in order to take up the potassium they require (Canada 2002) . To achieve or maintain maximal maize yields, supplemental K and B fertilization is often required, particularly on soils testing low for native available soil K and B. Mahdi et al., (2013) showed that using balanced fertilization of potassium and boron increase grain yield of wheat, and 1000 grain weight.
So, this study aims to evaluate the response of maize crop grown under Aswan Governorate conditions to potassium and boron fertilization to achieve the optimum rates that recognized the maximum yield with quality. Soil samples collected from the experimental field were analyzed before sowing according to Hesse (1971 Hesse ( ), A.O.A.C. (1990 and the results are shown in Table 1 . Available boron was extracted by hot water and determined spectrophotometrically using Azomethine-H method (Wolf, 1971) . Electrical conductivity (EC) in soil paste extract and pH in soil: water suspension1:2.5 were measured. The results in Table ( 1) show that soil available K was in the medium range, while B content was in the low range. . Treatments of soil potassium application (K 2 , K 3 , K 4 and K 6 ) were done in one dose as potassium sulphate (48% K 2 O) before the first irrigation. Foliar applied Potassium at the concentration of 2 % K 2 O as potassium sulphate was added twice after 45 and 60 days from sowing and the spraying solution was 400 L fed ) as boric acid twice after 55 and 70 days from sowing. The field experimental plots were surface irrigated in lines every 8 days.
MATERIALS AND METHODS
At harvest, plants from each plot were collected and yield parameters were recorded; Plant height (cm), ear weight (g plant ). Samples of grains and stalks were taken randomly from each plot for chemical analysis to determine nitrogen, phosphorus and potassium concentrations; carbohydrate % and oil % in grains according to A.O.A.C. (1990) . Protein content was calculated as follows: (Protein % = N % in grain × 5.70). Nitrogen was determined by Kjeldahl method, phosphorus was determined spectrophotometrically and potassium was determined using flame photometer. Boron concentration in both grain and stalk was determined colorimetrically using Azomethine-H method as mentioned before (Wolf, 1971 ).
The statistical analysis was done according to Gomez and Gomez (1984) and means of treatments were compared against least significant differences test (L.S.D.) at level 5%.
RESULTS AND DISCUSSION

Effect of K and B Fertilization and Their Interactions on: 1-Maize Yield and Its Components:
Data in Table 2 show that the addition of K-rate up to K 3 (36 kg K 2 O fed -1 ) significantly increased plant height, ear length, ear diameter and No. of rows/ear, however increasing K-rate to K 4 and K 6 treatments caused insignificant increases in plant height, ear length and ear diameter compared with K 3 , but number of rows/ear was significantly increased up to K 2 without specific trend with the other K-rates. Also, data in Table  3 illustrate that 1000-grain weight, ear weight, grain and stalk yields were significantly increased with the application of K-rates. K 4 treatment (48 kg K 2 O fed -1 ) achieved the highest values of 1000-grain weight (299 g), ear weight (213 g), grain yield (3520 kg fed -1 ) and stalk yield (5168 kg fed -1 ). Moreover, the differences among the values attained with K 3 , K 4 and K 6 treatments were insignificant for 1000-grain weight and ear weight. Yet, the difference between K 4 and K 6 was insignificant for grain and stalk yields showing that 24 kg K 2 O fed -1 (50 kg potassium sulfate fertilizer) could be substituted by two foliar sprays of 2% K 2 O solution. It is obvious from results in Tables 2 and 3 that K fertilization as foliar application only at 2% K 2 O (K 5 ) was not sufficient to recognize the optimum values of yield and its components compared with the other Krates i.e. K 2 , K 3 , K 4 and K 6 . Generally, results in Tables 2 and 3 illustrate the positive responses of K fertilization on maize yield and its components which may be attributed to medium level of available K in soil (Table 1) and to the importance of K for increasing maize yield components and then stalk and grain yields, or may be due to increasing the tolerance of plants to drought under the climatic conditions of Aswan Governorate (Cox, 2001 and Wiebold and Scharf 2006) . Similar results were obtained by Tabatabaii, et al., (2011) , Ahmad et al., (2012 ) El-Dissoky et al., (2013 and Abd El-Rheem et al., (2015) . Tables 2 and 3 show also that foliar fertilization of B at 25 and 50 mg L -1 significantly increased ear length, number of rows ear -1 , 1000-grain weight; ear weight as well as stalk and grain yields fed , while the increases in plant height, and ear diameter were insignificant. It is obvious from the results that 1000-grain weight increased by 5.45 % and 8.0 %; ear weight increased by 4.66 and 11.40 %; grain yield increased by 8.78 % and 17.15% and stalk yield increased by 7.62 and 13.57 % with foliar B 1 and B 2 , respectively compared with control (B 0 ). So, it is clear from the abovementioned results that the increases of grain yield and its components were the highest with B 2 and the differences between B 2 and B 1 were significant. These obtained data demonstrate the response of maize crop to foliar B fertilization, which may be attributed to the low concentration of available B in the soil before sowing (as shown in Table 1 ) and to the important roles of boron in plant (Marschner, 1995 , Brown et al., 2002 and Wang et al., 2003 . These results are in accordance with many studies that showed the importance of boron for many crops such as Li and Liang (1997) , Hamzeh and Florin (2014) and Mekki (2015) .
Data in
Concerning the interaction effect, data in Tables  2 and 3 reveal that the interactions between K and B levels had also significant effects on number of rows ear -1 , grain and stalk yields, but the effects on plant height, ear length, ear diameter, 1000 grain weight and ear weight were insignificant. In this concern, the interaction of K 4 ×B 2 recorded the highest values of grain yield (3700 kg fed -1 ) and stalk yield (5369 kg fed -1 ) with relative increase percentage 62.42 % and 40.99 %, respectively compared with control (without K and B fertilization K 1 ×B 0 ). Moreover, the values of grain and stalk yields that recorded under interactions of K 3 ×B 2 and K 6 ×B 2 were insignificant with the highest values recorded with interaction K 4 ×B 2 . These results show that interactions of K 3 ×B 2 , K 4 ×B 2 and K 6 ×B 2 achieved the higher yields of grain and stalk, without significance differences among them under these conditions of study. These results show the integration and the balance of fertilization that happened between K and B rates that reflected on maize grain yield and its components. These results are in accordance with Canada (2002) and Mahdi et al., (2013) who showed the importance of balanced fertilization of potassium and boron for increasing yield. 
2-Grain quality:
Data presented in Table 4 generally show that addition of K fertilizer rates as soil and/or foliar had significant effects on grain yield quality. In this respect, K 3, K 4 and K 6 recorded the highest values of grain contents of carbohydrate, oil and protein compared with the other K-treatments. These results illustrate the positive effect of potassium fertilization on maize grain quality that related with the importance of potassium.
Potassium is involved directly or indirectly in plant protein metabolism, this involvement can begin with the stimulation of NO 3 -uptake and transport within the plant, as K + serves as the accompanying counter cation (Blevins 1985) . Furthermore, Mengle (1980) also demonstrated that the transport of amino acids is enhanced by higher K levels, especially the transport of amino acids to developing seeds. These results are in agreement with Radulov et al., (2012) and Zhang et al., (2014) . (Marschner, 1995) . These results agreed with those obtained by Li and Liang (1997) and Mekki (2015) .
Interactions among K and B rates had also significant effects on grain contents of carbohydrate and oil percentages, but had insignificant effects on protein %. Interactions of K 3 ×B 2 , K 4 ×B 2 and K 6 ×B 2 recorded higher concentrations of carbohydrate % (86.50, 84.96 and 82.10%, respectively), oil % (8.25, 7.98 and 8.29 %, respectively) and protein % (7.72, 7.59 and 7.57%, respectively) with no significance differences among them. It is also obvious from the aforementioned results that addition of K-rates (36 or 48 kg K 2 O and 24 kg K 2 O+ 2 % K 2 O foliar fed -1 ) with foliar B at 50 mg L -1
were more effective on grain quality compared with the other treatments under study. This result may be return to that both potassium and boron have similar functions in plant (carbohydrate and sugar translocation and protein synthesis, and both of them do as enzyme activities (Marschner 1995 and Mengle and Kirkby, 2001) . Also, these results show the importance of K and B supplies for improving grains quality, particularly on soils testing medium and low for native available K and B, respectively (Canada 2002) under the conditions of the present study.
3-Concentrations and contents of N, P, K and B in
Grains: Potassium effect: data in Tables 5 and 6 show that application of K-rates significantly increased N, P, K and B concentrations and contents in grain, and the highest concentrations and contents of N, P, K and B were recorded with K 4 (48 kg K 2 O fed -1 ) without significance differences compared with K 3 (36 kg K 2 O fed -1 ) and K 6 (24 kg K 2 O fed -1 + foliar 2 % K 2 O). These increases in N, P, K and B concentrations and contents correlated with the increases in plant growth and grain and stalk yields, which reflected a positive response of maize to the addition of K rates. Also these increases related with the soil analysis before sowing (Table 1) , where soil had medium available K level. Yet, potassium plays important roles in plant; potassium involved in most steps of the protein synthesis, especially transport of amino acids to developing seeds (Mengle, 1980 and Blevins, 1985) . These results are in accordance with those of Ahmad et al. (2012) and ElDissoky et al. (2013) . Boron effect: data in Tables 5 and 6 illustrate that foliar spraying of B (B 1 and B 2 ) significantly increased N, P, K and B concentrations and contents in grain. The increases in N, P, K and B concentrations and contents were higher with B 2 (50 mg B L ). This result may be attributed to the importance of boron in plant; B affects at least 16 functions in plants. These functions include cell wall structure, membrane stability, nucleic acid and IAA metabolism, pollen germination, flowering and seed development (Marschner 1995 , Brown et al., 2002 , Wang et al., 2003 . Interaction effect: data shown in Tables 5 and 6 reveal that interactions among K and B levels significantly affected K and B concentrations and contents in grain, but had insignificant effects on N and P concentrations and contents. All values of N, P, K and B concentrations and contents in grain increased with K*B interactions. In this concern, the highest values of N-content (54.4 kg fed -1 ), P-content (19.1 kg fed -1 ), K-content (13.5 kg fed -1 ) and B-content (28.2 g fed -1
) of grain were achieved under the interaction of K 4 ×B 2 . Furthermore, interactions of K 6 ×B 2 and K 3 ×B 2 recorded high values of N, P, K and B contents in grain without significant differences between them and the values attained with the interaction of K 4 ×B 2 . The rank of interactions effects was K 4 ×B 2 > K 6 ×B 2 > K 3 ×B 2 . This rank is accordance with the effects of these interactions on maize grain yield and its components (ear weight, ear length, 1000-grain weight). These results agreed with Mahdi et al. (2013) .
4-Concentrations and contents of N, P, K and B in
Stalks: Data in Tables 7 and 8 reveal that concentrations and contents of P, K and B in stalks were significantly increased with increasing K fertilizer rates as soil and/or foliar application. The increases in N % in stalk were insignificant, but were significant for N-uptake. For P % the increases were significant up to K 3 , but for K and B concentrations the increases were significant up to K 2 , without significance differences between K 3 , K 4 and K 6 . The highest uptake of N, P, K and B in stalk were achieved by K 4 (48 kg K 2 O), without significant difference between K 3 and K 6 for N and K uptake. These results illustrate that K-rates; K 3 , K 4 and K 6 were more effective for concentration and uptake of N, P, K and B in stalk. These results were in accordance with Allan et al., (1998) who found that maize hybrids differ in K uptake efficiencies, and the most efficient Kuptake hybrid was also being the highest yielding. Also, data in Tables 7 and 8 show that foliar B levels significantly increased P, K and B concentrations and uptake in stalk, while the increases for N % were insignificant. Foliar B application at 50 mg L -1 was more effective for N, P, K and B uptake compared with B 1 . The increases in N, P, K and B uptake related with its concentrations and the increases in stalks yield, which may be attributed to B functions in plants (Marschner 1995 , Brown et al., 2002 and Wang et al., 2003 and to the low level of available B in soil (Table 1) .
Concerning interaction effect, data in the same Tables (7 and 8) illustrate that the interactions among K and B rates had insignificant effects on N, P, K and B concentrations and uptake of stalks, and the interactions of K 3 ×B 2 , K 4 ×B 2 and K 6 ×B 2 recorded the highest values of N, P, K and B uptake in stalk yield.
Data in Table 9 show a comparison study among the effect of interactions of K×B 2 on grain and stalk yields as relative increase % (RI %) and economic evaluation for yield increase to achieve the optimum yield with maximum profitability. The inputs were 280 L.E for 50 kg potassium sulphate fertilizer, 200 L.E. for foliar K and 200 L.E. for foliar B. The outputs were: 2000 L.E. for ton of grain and 110 L.E. for ton of stalk. Data illustrate that the highest RI % for stalk yield (40.99 %) was at K-rate K 4 , followed by K 3 (38.77%) and K 6 (36.53%). In additionally, the highest RI % for grain yield (62.41 %) was at K-rate K 4 , followed by K 6 (60.53%) and K 3 (55.98%). For net return by Egyptian pound (L.E) of K fertilization rates, it is obvious that the highest net return K 4 (2256 L.E) followed by K 6 (2231 L.E) then K 3 (2094) with slight differences. So, these results illustrate that K fertilization at rate K 3 (36 kg K 2 O fed -1 ) or at K 6 (24 kg K 2 O fed -1 +foliar 2% K 2 O) with foliar B (50 mg B L -1 ) was the maximum economic to achieve optimum maize grain yield under study conditions.
CONCLUSION
From the present study, it can be concluded that under Aswan Governorate conditions, K-fertilization at 24 kg K 2 O fed -1 +foliar 2% K 2 O or 36 kg K 2 O Fed -1 with foliar boron at concentration of 50 mg B L -1 twice after 55 and 70 days from planting with addition the constant recommended doses of nitrogen (120 kg N fed -1 ) and phosphorus (30 kg P 2 O 5 ) achieve the optimum yield of maize crop with high quality.
